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CHAPTER  I 


INTRODUCTION 


Background 

The  Logistics  Long-Range  Planning  Guide  (LLPG)  was  re¬ 
cently  completed  drawing  on  information  provided  by  the 
USAF  Global  Assessment,  an  Air  Force  sponsored  long-range 
planning  task  force ,  a  study  by  the  Air  Force  Logistics 
Management  Center  and  a  long-range  planning  seminar  attend¬ 
ed  by  representatives  of  all  major  commands.  Four  logis¬ 
tics  objectives  were  expressed  in  the  LLPG  (l6:l),  two  of 
which  apply  directly  to  the  theme  of  this  research: 

(1)  develop  a  means  to  better  identify  and  assess 
logistics  requirements  amd  capability,  especially 
as  these  relate  to  execution  of  U.S.  contingency 
plans , 


and 


(2)  effectively  manage  or  influence  the  management 
of  scarce  logistics  resources  to  maintain  Air  Force 
combat  capability. 

Capability  implies  aircraft  availability.  This  avail¬ 
ability  is  directly  affected  by  how  assets  are  bought  and 
distributed  to  the  operational  user.  The  purchase  and 
distribution  of  assets  is  the  domain  of  the  field  of 
logistics.  The  logistics  function  within  the  Air  Force  is 
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now  so  large  and  sophisticated  that,  as  noted  in  the 
LLPG  (16:1): 


Logistics  manages  a  significant  portion  of  all 
Air  Force  resources.  ...  43  percent  of  the  total 
Air  Force  military  personnel,  50  percent  of  the 
enlisted  force,  and  25  percent  of  the  current  Air 
Force  budget  is  devoted  to  performing  the  logistics 
mission  in  I98O. 


As  this  growing  awareness  of  the  importance  of  logis¬ 
tics  suggests: 


.  .  .  greater  emphasis  must  be  placed  on  assess¬ 
ing  and  identifying  logistics  support  capability  in 
order  to  appraise  realistically  what  can  or  can  not 
be  accomplished  with  available  assets.  This  is 
particularly  important  to  the  budgetary  process . 

Spares  have  not  been  adequately  funded  in  recent 
Air  Force  Budgets.  The  present  shortfall  between 
peacetime  procurement  and  the  level  of  spares  re¬ 
quired  to  fully  support  a  wartime  effort  can  be 
traced  to  a  poorly  articulated  logistics  position 
during  the  POM  (Program  Objectives  Memorandum)  prep¬ 
aration  cycle.  The  problem  has  been  due  in  part  to 
an  inadequate  requirements  computation  process, 
leading  to  a  poor  assessment  of  the  long-range  effects 
of  near  term  budgetary  decisions  as  they  per 
to  operational  readiness  and  sustainability 


The  strategy  outlined  to  help  overcome  the  stockage  of 
spares  problem  and  to  provide  adequate  weapon  system  avail¬ 
ability  is  expressed  as  follows:  "develop  the  means  to 
assess  and  relate  logistics  needs  and  budgetary  decisions 
to  operational  capability  |i6j31."  The  LLPG  further  states 
that  there  will  probably  be  a  limited  number  of  spares  to 
work  with  and  that  it  is  essential  that  the  logistics  man¬ 
ager  know  the  requirement,  condition,  availability,  and 
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location  of  the  scarce  assets  at  all  times  (16:3). 

The  scarcity  of  assets  was  strongly  felt  at  Langley 
AFB  where  an  Operational  Readiness  Inspection  (ORI)  was 
terminated,  due  basically  to  the  inability  to  generate  air¬ 
craft  within  the  standard  time  frames  due  primarily  to  lack 
of  spares  (13 i4) . 

For  the  Air  Force,  the  stockage  and  management  of 
spares  is  essential  to  maintain  a  state  of  readiness  that 
will  deter  aggression  and  promote  peace  through  our  nation¬ 
al  defense  policy.  This  readiness  can  only  be  maintained 
if  the  equipment  and  spares  are  available.  The  require¬ 
ments  computation  which  determines  the  inventory  levels  to 
be  maintained  does  not  adequately  promote  weapon  systems 
availability. 

The  purpose  of  this  research  is  to  explore  the  various 
stockage  models  in  am  effort  to  relate  them  to  availability. 
The  conventional  model  presently  utilized  by  USAF  for  the 
requirements  computation  is  based  upon  the  maintenance  of 
an  average  level  of  stock.  It  is  a  satisficing  model  in 
that  it  merely  sets  inventory  levels  to  meet  minimum  re¬ 
quirements.  The  effectiveness  of  this  model  is  measured  in 
terms  of  fill  rate  and  Mission  Capability  (MICAP)  rate, 
provided  by  the  Monthly  Base  Supply  Management  Report 
(M-32).  These  measures  do  not  reveal  to  management  how 
available  the  weapon  system  is  to  perform  its  designated 
mission.  A  new  stockage  model  has  recently  been  imple- 
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merited  in  the  USAF  requirements  determination.  The  Multi- 
Echelon  Technique  for  Recoverable  Item  Control  (METRIC)  is 
designed  to  minimize  expected  backorders  associated  with 
stockage  level  of  any  individual  asset.  The  only  measure¬ 
ment  of  this  model  is  that  of  expected  backorders.  Mini¬ 
mizing  expected  backorders  however,  does  not  necessarily 
mean  providing  the  maximum  weapon  system  availability  at 
the  least  cost.  Thus,  if  the  conventional  and  METRIC 
models  cannot  provide  maximum  availability,  perhaps  an 
alternative  model  should  be  considered. 

Seventy-two  percent  of  the  people  surveyed  in  a  recent 
Gallup  Poll  indicated  that  they  felt  that  money  spent  for 
defense  was  not  being  utilized  efficiently  (9:48-50). 

This  came  at  a  time  when  expenditures  for  spare  parts  alone 
was  $1.7  billion  for  fiscal  year  1981  with  an  anticipated 
rise  to  $2.5  billion  for  1982  (18:51-67).  The  public  con¬ 
viction  of  defense  inefficiency  indicated  in  the  Gallup 
Poll  has  contributed  to  a  growing  political  interest  in 
closely  scrutinizing  defense  spending.  Thus,  the  budgetary 
limitation  will  have  an  effect  on  the  availability  of  wea¬ 
pon  systems. 

Of  the  total  money  spent  on  spare  parts,  approximately 
95?5  will  be  spent  on  repair  cycle  assets.  A  repair  cycle 
asset  is  normally  characterized  by  high  cost  and  the  cap¬ 
ability  of  being  repaired  and  reused  (15:1).  The  purchase 
price  of  repair  cycle  assets  is  so  disproportionately  high 


compared  to  other  supply  items  that  although  only  5%  of  the 
line  items  to  be  stocked  are  reparable,  this  represents 

of  the  total  dollar  value  of  a  base's  inventory  (14:5)- 
Since  the  assets  are  so  expensive,  the  method  of  allocating 
them  must  be  such  that  with  limited  funds,  maximum  avail¬ 
ability  is  obtained. 

Problem  Statement 

The  conventional  model  provides  a  target  service  level 
of  asset  stockage.  It  is  a  function  of  the  total  number 
of  assets  required  for  normal  demands  and  those  experienced 
during  the  resupply  time.  It  is  not  known  what  level  of 
availability  the  model  can  provide. 

The  METRIC  algorithm  provides  a  cost  effective  mini¬ 
mization  of  expected  backorders.  It  is  not  known  what 
level  of  availability  this  provides.  Other  models  have 
also  been  developed  for  the  purchase  of  assets.  It  is  not 
known  what  level  of  availability  they  can  provide . 

Research  Objectives 

The  objectives  of  this  research  are:  first,  to  analyze 
the  existing  method  (conventional  model)  of  determining  an 
inventory  position  for  repair  cycle  assets  using  a  small, 
yet  select,  data  base;  second,  utilizing  the  same  data 
base,  analyze  METRIC;  and  third,  develop  alternative  heu¬ 
ristic  models  and  analyze  each  one  using  the  same  data 
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base.  In  all  of  these  objectives  the  analysis  will  be 
undertaken  to  determine  what  the  weapon  system  backorder 
position  is  and  what  level  of  availability  is  provided. 

Research  Questions 

(1)  What  level  of  availability  can  the  conventional 
model  provide? 

(2)  Since  METRIC  is  currently  being  implemented  by 
AFLC  for  requirements  determination  and  given  that  it  does 
minimize  expected  backorders,  what  level  of  availability 
can  it  provide? 

(3)  How  do  the  heuristic  models  compare  to  METRIC 
and  the  conventional  model? 

Scope 

This  research  will  examine  the  conventional  model, 
METRIC  and  three  alternative  heuristic  models.  The  data 
base  will  be  taken  from  a  small  weapon  system  employed  at 
a  single  base.  The  use  of  a  single-base  system  greatly 
simplifies  the  required  computations  and  tends  to  elimi¬ 
nate  possible  errors.  While  the  conclusions  drawn  may  be 
applicable  to  all  DOD  systems,  the  results  will  focus 
only  on  the  one  weapon  system  used. 
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CHAPTER  II 


LITERATURE  REVIEW 


Introduction 

After  stating  a  research  objective,  a  review  of  per¬ 
tinent  works  is  appropriate.  It  must  be  realized  that 
inventory  models  are  concerned  with  both  consumable  and 
repair  cycle  assets  and  that  the  requirements  computation 
is  not  the  same  for  each.  Thus,  a  discussion  of  consum¬ 
ables  will  be  followed  by  a  discussion  of  repair  cycle 
assets.  The  repair  cycle  concept  is  basic  to  any  study  of 
the  levels  computed  for  inventory  requirements.  Cannibal¬ 
ization  —  the  process  of  removing  an  asset  from  one  end 
item  and  placing  it  on  a  similar  end  item  —  also  plays  a 
role  in  achieved  levels  of  weapon  system  availability. 
Performance  measurements  of  the  various  models  are  indica¬ 
tors  to  management  of  how  well  an  inventory  system  is  sup¬ 
porting  the  operational  mission.  Expected  backorders, 
fill  rates,  and  system  availability  both  with  and  without 
cannibalization  are  the  performance  measures  of  interest 
for  this  research.  Expected  weapon  system  availability 
estimates  can  be  deduced  from  the  expected  fill  rates  of 
individual  items.  These  concepts  form  the  basis  for  the 
discussion  of  the  logic  and  intent  of  the  conventional  and 
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METRIC  models.  A  section  concerning  the  Air  Force  imple¬ 
mentation  of  METRIC  will  be  followed  by  the  related  studies 
of  MOD-METRIC,  DYNA-METRIC ,  a  Logistics  Management  Insti¬ 
tute  (LMI)  model,  and  research  performed  by  Dawson  and  by 
Demmy.  These  related  studies  will  suggest  a  methodology 
for  completion  of  the  research.  Although  the  term  NORS 
(Not  Operationally  Ready  -  Supply)  is  outdated,  a  large 
portion  of  the  literature  utilizes  it.  Therefore,  the 
term  NORS  will  be  used  interchangeably  with  what  is  today 
known  as  Not  Mission  Capable  -  Supply  (NMCS). 

USAF  Inventory  Management 

Inventory  procedures  are  designed  to  determine  levels 
for  consumable  and  repair  cycle  assets.  Consumable  re¬ 
quirements  are  determined  based  upon  an  Economic  Order 
Quantity  (EOQ) .  These  are  important  assets  in  meeting  the 
operational  requirements.  However,  the  focus  of  this  re¬ 
search  is  on  how  inventory  levels  are  established  for  re¬ 
pair  cycle  assets. 

Repair  Cycle  Concept 

The  repair  cycle  concept  is  based  upon  a  two  echelon 
system.  Items  that  have  failed  are  removed  from  the  air¬ 
craft  or  end  item  and  repaired  at  the  base  facility  if 
possible.  If  a  serviceable  like  item  is  available  at  the 
base,  it  is  installed  on  the  aircraft  while  the  failed 
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item  is  being  repaired.  In  this  situation,  once  the  item 
has  been  repaired,  it  becomes  part  of  the  base  stock.  If 
no  like  item  is  available,  the  item  is  returned  to  the  air¬ 
craft  after  being  repaired. 

Frequently,  the  base  is  unable  to  repair  the  failed 
item.  These  incidents  are  known  as  Not-Repairable-  This- 
Station  (NRTS).  NRTS  items  are  returned  to  the  depot  for 
repair  or  condemnation.  When  this  action  is  required,  a 
demand  is  placed  on  the  depot  for  a  serviceable  item. 

When  the  depot  has  the  item  in  stock,  it  is  sent  to  the 
base  prior  to  the  arrival  of  the  failed  item  at  the  depot. 
If  no  item  is  in  serviceable  stock  at  the  depot,  the  re¬ 
supply  is  delayed  until  an  asset  returns  from  the  depot 
repair  facility. 

Upon  arrival  at  the  depot,  the  unserviceable  item  from 
the  base  goes  through  the  depot  repair  cycle  and  becomes  a 
part  of  the  depot  stock.  When  the  serviceable  item  is 
sent  to  the  base  from  the  depot,  it  is  given  to  the  main¬ 
tenance  facility  for  replacement  on  the  aircraft  or  is  re¬ 
turned  to  base  stock.  This  completes  the  cycle  for  the 
reparable  asset.  See  Figure  1  for  a  pictorial  representa¬ 
tion  of  this  two  echelon  environment. 

The  fxindamental  decision  in  the  two  echelon  environ¬ 
ment  is  the  determination  of  the  total  number  of  assets 
required  to  support  the  weapon  system.  The  total  require¬ 
ment  consists  of  those  assets  in  stock  at  base  supply,  in 
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Requisition  Flow 


—  —  --  — ►  Unserviceable  Item  Flow 


—  New  or  Repaired  Item  Flow 


Figure  1.  Two  Echelon  Inventory  System  (4:5) 


repair  at  the  base,  in  repair  at  the  depot,  in  stock  at 
the  depot,  and  those  in  the  transportation  network  between 
the  base  and  the  depot. 

Cannibalization 

The  concept  of  cannibalization  plays  an  important  role 
in  the  behavior  of  an  inventory  system  since  each  aircraft 
can  become  a  pool  of  usable  assets  which  can  be  utilized 
to  satisfy  a  backorder  on  another  aircraft.  Cannibaliza¬ 
tion  is  the  process  of  rem  ving  an  asset  from  one  end  item 
and  successfully  replacing  it  on  another  end  item.  In  this 
way,  shortages  for  two  items,  which  might  have  grounded 
two  aircraft,  can  be  consolidated  onto  one  aircraft.  Thus, 
the  implications  of  cannibalization  are  readily  seen  as  an 
aid  to  increased  aircraft  availability. 

System  Performance  Indicators 

All  Department  of  Defense  systems,  whether  weapon  sys¬ 
tems  or  otherwise,  have  their  performance  measured  by  com¬ 
parison  with  a  standard  or  to  a  similar  system.  Perform¬ 
ance  measures  associated  with  the  stockage  levels  within 
the  Air  Force  supply  system  are  expected  backorders ,  fill 
rate,  operationally  ready  rate,  and  a  NORS/NMCS  rate. 

Also  discussed  here  is  an  availability  rate  based  upon  a 
method  developed  by  the  Logistics  Management  Institute  and 
one  developed  by  Dr.  Jon  Hobbs  (8)  of  Wright  State 
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University . 

There  is  a  certain  amount  of  ambiguity  in  the  term 
"NORS".  If  an  asset  is  missing  from  an  aircraft  and  as  a 
result  the  aircraft  is  grounded  then  the  asset  is  referred 
to  as  an  item  NORS  and  the  aircraft  itself  is  referred  to 
as  NORS.  It  is  important  to  note  that  there  may  be  more 
than  one  item  NORS  for  every  NORS  aircraft.  Thus,  there 
may  be  two,  three  or  more  items  NORS  but  only  one  cor¬ 
responding  aircraft  NORS. 

Several  assumptions  must-Tse  made  tc-MBLfu^itor  the  be- 

!/ 

havior  of  individual  items.  The  following  is  a  list  of 
those  assumptions. 

(1)  One-for-one  requisitioning  means  that  for  every 
reparable  asset  sent  by  the  base  to  the  depot,  there  is  a 
corresponding  requisition  from  supply  to  the  depot. 

(2)  Backordering  of  unsatisfied  demands  means  that 
when  an  asset  is  demanded  from  supply  and  the  item  is  not 
in  stock,  it  will  be  backordered. 

(3)  Stationarity  of  the  variables  means  that  there  is 
no  trend,  seasonality  or  cyclical  influence  in  the  vari¬ 
ables  such  as  demand  and  order  and  ship  time.  There  is  no 
learning  curve  phenomenon  in  the  repair  times  at  either 
depot  or  base. 

(4)  Independence  of  resupply  time  and  demand  means 
that  the  demand  for  an  asset  and  the  time  it  takes  to  ob¬ 
tain  it  from  the  depot  or  base  maintenance  facilijjf  will 
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vary  in  a  statistically  independent  manner. 

(5)  The  number  of  demands  during  a  given  time  interval 
is  a  Poisson  distributed  random  variable. 

(6)  No  batching  for  repair  means  that  each  asset  in 
the  system  for  repair  will  enter  the  repair  queue  immedi¬ 
ately  upon  arrival  at  the  repair  facility.  Each  asset  will 
be  repaired  individually. 

(7)  No  delay  for  indenture  items  means  that  all  bits 
and  pieces  are  immediately  available  for  the  repair  of 
the  asset. 

Expected  Backorders 

A  backorder  occurs  when  the  number  of  demands  exceeds 
the  quantity  of  available  serviceable  assets  for  any  item. 
Thus ,  a  backorder  B  can  be  expressed  as : 

B  =  d  -  s  (1) 

where  d  =  demand,  and  s  =  quantity  stocked.  The  average 
or  expected  backorders  (1:10)  can  be  stated  as: 

00 

E(B)  =  y  (d-s)  pCdlXrO  (2) 

d=s+l 


where 


x= 

r= 


daily  demand  rate 
average  resupply  time 
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and 


p(d 


iXr)  = 


p(d=x)  = 


xs 


Fill  Rates 

A  fill  rate,  stated  in  simple  terms,  is  the  number  of 
times  an  item  is  available  from  serviceable  stock  when  it 
is  demanded.  As  stated  by  Brooks,  Gillen,  and  Lu,  it  is 
the  proportion  of  demands  for  item  i  which  can  be  filled 
from  on-hand  assets  and  is  equal  to  the  proportion  of  time 
that  on-hand  assets  are  positive.  The  on-hand  assets  will 
be  positive  only  if  the  nxmber  of  due-ins  is  less  than  the 
level.  The  fill  rate  for  any  given  item  (1:11)  can  be 
found  as  follows : 

FR.  =  V  p(d|XT)  (3) 

^6=0  ^ 


The  Air  Force  measurement  of  fill  rates  is  closely 
monitored  by  use  of  the  Monthly  Base  Supply  Management 
Report  (M-32). 

Operational  Rate 

An  operational  aircraft  is  one  that  can  perform  all  of 
its  missions.  Assumptions  of  the  operational  rate  are 
that  demand  and  resupply  times  of  the  items  are  independent 
and  that  full  cannibalization  will  be  performed.  The 
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operational  rate  is  a  function  of  the  fill  rates  and  is 
expressed  as  follows: 


n 

Operational  Rate  =  II  FR.  (4) 

i=l  ^ 

where  n  is  the  number  of  items.  Note  that  this  is  a  the¬ 
oretical  rate  and  is  for  the  whole  fleet.  Since  the  fill 
rate  depends  upon  the  probability  of  demand,  it  can  be 
shown  that  the  operational  rate  with  zero  cannibalization 
has  the  form  of: 

n  3  • 

OR  Rate  With  Zero  Gann.  =  I  I  p  (dlXT)  (5) 

i*l  d=0  ^ 


If  cannibalization  is  to  be  considered  then  the  equation 
takes  this  form  (1:12-13): 


OR  Rate  With  Gann. 


(6) 


where  s^  =  stockage  of  item  i. 

=  quantity  available  on  each  aircraft  , 

J  =  number  of  aircraft  cannibalized. 

Expected  NORS  Aircraft  Assuming  Full  Gemnibalization 

Item  essentiality  and  consolidation  of  parts  shortages 
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are  necessary  assumptions  to  arrive  at  this  figure.  An 
aircraft  can  only  be  NORS  if  demand  exceeds  the  serviceable 
stockage  level.  The  probability  of  an  aircraft  being  NORS 
at  any  given  time  depends  upon  the  cannibalization  policy. 
Thus ,  the  probability  that  zero  aircraft  are  not  available 
to  perform  their  mission  is  simply  the  operational  rate 
with  zero  cannibalization.  The  probability  that  one  or 
fewer  aircraft  are  not  available  to  perform  their  mission 
is  the  operational  rate  with  one  cannibalization  minus  the 
operational  rate  with  zero  cannibalization.  A  general 
equation  to  determine  the  expected  number  of  aircraft  not 
available  is: 


E(Not  Avail)  =  ip(i)  (7) 

i=0 

where  A  =  the  number  of  aircraft  in  the  fleet  and  p(i)  is 
the  exact  probability  that  i  aircraft  are  not  available. 
This  rate  does  provide  a  direct  estimate  to  management  on 
what  the  defensive  or  offensive  posture  of  the  force  may  be 
capable  of  accomplishing. 

Approximate  Expected  NORS  Aircraft  With  No  Cannibalization 
A  model  developed  by  the  Logistics  Management  Institute 
(LMI)  provided  a  measure  of  aircraft  availability.  An 
assumption  of  this  model  is  that  cannibalization  would  not 


16 


be  performed.  It  could  be  shovm  that  the  probability  of 
any  aircraft  being  available  can  be  expressed  as: 


P(Available) 


(8) 


where  E(B^)  =  expected  backorders  for  item  i, 

A  =  number  of  aircraft, 

=  number  of  lonits  of  item  i  on  each  aircraft, 
n  =  nimiber  of  items. 

From  this  expression  it  can  be  determined  what  the  expected 
number  of  unavailable  aircraft  would  be. 

Expected  Acft  Not  Avail  =  A  -  |p(Avail)  •  a]  (9) 


Exact  Availability  With  No  Cannibalization 

A  model  developed  by  Jon  Hobbs  (8)  is  similar  to  that 
of  the  approximate  availability  from  LMI.  The  same  as¬ 
sumption  is  made  that  cannibalization  will  not  be  performed. 
This  model  is  expressed  as : 


Si+(QiA) 


p(Avail)=rt  Xp(<ilAi:)+  p(ci|Xr 

i=l  d=0  ^  d^+l  \  ^^i/  ^ 


(10) 
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where  d  =  demand  for  the  item, 

=  stock  for  the  item, 

=  quantity  per  application, 

A  =  number  of  aircraft, 

Xr.  =  replenishment  time  •  daily  demand  rate , 
n  =  number  of  items. 

From  this  it  can  be  shown  that  the  expected  number  of  un¬ 
available  aircraft  is: 

Expected  Acft  Not  Avail  =  A  -  [p(Avail)  •  a|  (11) 

The  difference  between  the  two  models  is  this:  where 
the  approximate  model  is  based  upon  am  average,  or  expect¬ 
ed  backorder  figure ,  the  exact  model  is  based  upon  the 
actual  backorder  figure. 

Three  cannibalization  models  are  considered  to  provide 
management  a  range  of  availability  data  upon  which  to  base 
decisions.  Each  model  provides  a  different  estimate  of 
availability.  Since  the  cannibalization  decision  is  a 
management  option,  smd  since  cannibalization  can  be  a  time- 
consuming  activity,  availability  estimates  should  be  made 
with  and  without  the  assumption  of  cannibalization  to  show 
the  range  of  availability  which  can  be  obtained. 

The  approximate  model  is  more  widely  known  and  is 
easier  for  computational  purposes.  It  is  a  reasonable 
approximation  in  situations  where  the  fleet  size  is  rela- 
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tively  large,  but  leads  to  significant  under-estimation  of 
availability  if  the  fleet  size  is  small. 


Stockage  Models 

The  Air  Force  is  currently  using  what  will  be  called 
here  the  conventional  model  to  determine  the  levels  of 
items  re<iuired  for  support  of  the  weapon  systems.  The  Air 
Force  is  also  implementing  a  new  procedure  called  METRIC. 
The  features  of  these  models  will  be  examined  in  detail. 


Conventional  Model 

The  conventional  model  is  not  intended  to  minimize  or 
maximize  any  measure  of  supply  performance.  Three  features 
of  the  model  are  that  it  computes  a  level  for  the  base,  a 
safety  level,  and  a  level  for  the  depot.  The  base  quantity 
is  determined  as  follows? 


BQ  = 


|(1  -  PBR)  •  OSt]  +  (PBR  •  RCT) 


1- 


DDR 


(12) 


where  PBR  =  percent  of  base  repair, 

OST  =  order  and  ship  time 

RCT  =  repair  cycle  time  at  the  base, 

DDR  =  daily  demand  rate. 

This  value  is  then  utilized  to  compute  the  safety  level. 

SL  =  /3*BQ~  (13) 
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A  rounding  value  is  then  added,  depending  upon  the  unit 
cost  of  the  item.  Thus,  if  the  unit  cost  is  less  than 

$750.00,  a  value  of  .9  is  added  and  BQ  is  rounded  dovm  to 

the  integer  value.  If  the  unit  cost  is  greater  than 
$750.00,  a  value  of  .5  is  added  and  BQ  is  rounded  down. 

Taking  the  preceding  equations,  the  total  base  quantity 

can  be  expressed  as*. 

Total  Base  Quantity  =  BQ  +  y 3 • BQ  (14) 

The  depot  quantity  is  that  required  for  support  of  all 
the  bases  while  depot  repair  and  those  items  in  the  trans¬ 
portation  mode  complete  the  repair  cycle.  The  depot  quan¬ 
tity  is  calculated  as  follows: 

DQ  =  [(1  -  PBR)  •  DDR  •  (DRT  +  RETRO  +  30)]  +  .5  (15) 

where  DRT  =  depot  repair  time, 

RETRO  =  a  standard  shipping  time  based  upon  the 
item's  priority, 

30  =  a  constant  factor  which  acts  as  the 
safety  level, 

. 5  =  a  constant  to  allow  for  rounding  down  to 
the  integer  value. 

Assumptions  of  this  model  are  that  the  demand  is  stationary 
and  that  no  trend  or  seasonality  exists.  A  feature  of  the 
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model  is  that  it  does  not  consider  any  cost  associated 
with  the  item.  In  other  words,  purchase  cost,  repair  cost, 
shipping  cost,  and  holding  costs  are  not  inputs  to  the 
model  except  in  the  rounding  algorithm  ( 17 : p. 11-13 ) • 

This  model  neither  minimizes  backorders  nor  maximizes 
availability.  It  does  provide  a  service  level  of  support. 
The  service  level  is  expressed  as  a  percentage,  such  as 
84^.  For  reparable  assets,  an  84^  service  level  means 
that  the  model  intends  to  provide  an  84?S  fill  rate  for 
each  item. 

METRIC 

The  Multi-Echelon  Technique  for  Recoverable  Item 
Control  (METRIC)  employs  a  systems  approach  to  providing 
placement  of  assets.  It  looks  at  the  entire  weapon  sys¬ 
tem  to  provide  a  combination  of  system  effectiveness  and 
system  cost  analysis.  The  purpose  of  METRIC  is  to  op¬ 
timize  system  performance  for  specified  levels  of  system 
investments  where  system  performance  is  measured  in  terms 
of  total  backorders.  The  model  is  designed  for  one  depot 
to  provide  support  to  several  bases 

The  intent  of  this  model  is  threefold:  to  determine 
optimal  base  and  depot  stock  levels  for  each  item,  con¬ 
sidering  constraints  on  investment  amd  performance;  to 
optimally  redistribute  fixed  levels  of  stock  between  the 
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depot  and  bases ;  and  to  assess  performance  and  investment 
cost  of  the  system  for  any  allocation  of  stock  between  the 
depot  and  bases  (15s2). 

The  features  of  this  model  may  be  summarized  as  follows 

(1)  It  can  be  operated  as  a  single-echelon  base 
stockage  model. 

(2)  A  combination  of  past  data  and  future  requirements 
are  used  to  anticipate  build-ups  or  phase  outs. 

(3)  It  provides  for  a  smooth  transition  from  initial 
support  planning  to  follow-on  provisioning. 

(4)  It  provides  for  evaluation  of  different  mainten¬ 
ance  policies  or  pipeline  times. 

(5)  It  provides  management  the  capability  to  examine 
the  effect  of  varying  degrees  of  support,  depending  on  the 
mission  importance  of  different  weapon  systems  (15*2-3). 

The  objective  of  this  model  is  to  minimize  the  sum  of 
backorders  on  all  recoverable  items  at  all  bases  pertinent 
to  a  specific  weapon  system  for  a  given  dollar  investment 
in  inventory  assets  (15»6).  To  define  the  backorder  ob¬ 
jective,  take  a  fixed  period  of  time  and  add  together  the 
number  of  days  on  which  any  unit  of  any  item  at  any  base 
is  backordered.  Divide  this  number  by  the  length  of  the 
period.  The  expected  value  of  the  statistic  provides  a 
number  independent  of  the  period  length.  This  value  is 
what  the  model  attempts  to  minimize.  The  model  sees  a 
backorder  as  any  point  in  time  when  a  recoverable  item  is 


missing  from  an  aircraft  (15! 6). 

The  inputs  to  this  model  are: 

=  the  demand  rate  for  the  item  at  base  i, 
n  =  number  of  bases  utilizing  the  item, 

=  repair  cycle  time  (RCT)  at  base  i, 

=  depot  repair  time  plus  retrograde  time , 

=  order  and  shipping  time  (OST)  of  the  item  at 
base  i, 

=  percent  of  repair  capability  at  base  i , 

=  percent  of  items  not  being  repaired  at  the  base, 

Q  =  quantity  authorized  for  stock, 

=  backorders  at  the  i^"  base. 

is  the  mean  of  a  Poisson  distributed  random  variable. 

=  M.P^  +  S.P.  (16) 

is  the  average  time  to  replace  a  repair  cycle  item. 

The  expected  number  of  backorders  at  the  i^^  base  is 
determined  by; 


oo 

E(B.)  =  £  (x  -  Q.  )  P(xlX.r. )  (17) 

^  x=Q^+l  ^  ^  ^ 

At  this  point,  the  model  has  not  considered  the  fact 
that  the  depot  may  not  have  the  item  in  stock.  The  effect 
would  be  to  delay  resupply  of  the  item.  This  is  a  valid 
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part  of  the  model  and  must  be  evaluated.  XiT,  is  thus  re¬ 
defined  as  follows: 

^i'^i  =^i^“i^i  l^i  ^ 

where  D(?)  is  the  expected  delay  for  an  item  at  the  depot 
which  will  be  defined. 

The  depot  demand  rate  is  expressed  as : 


n 


(19) 


The  mean  of  a  random  variable,  depot  demands  during  re¬ 
supply  time,  is:  equivalently, 

At  any  point  in  time,  it  can  be  determined  how  many  units 
are  being  delayed.  This  is  expressed  as: 

oo 

E(B^)  =  -  *5d)  P(dlX^M^)  (20) 

where  is  the  quantity  authorized  at  the  depot. 

The  model,  however,  is  interested  in  average  delay  per 


demand.  To  obtain  this,  division  by  the  expected  number 
of  demamds  over  that  time  period  is  required.  D(?)  can 
now  be  defined. 


D(?)  =  D(Q^)  =  E(B^)/X^ 


(21) 


which  provides  the  average  delay  per  requisition  as  a 
function  of  the  quantity  of  stock  authorized  at  the  depot. 
The  expected  backorders  at  base  i,  E(B^),  (Equation  1?) 
thus  becomes  a  function  of  and  Q^. 

The  total  number  of  assets  in  the  system,  Qrp,  can  now 
be  expressed  ass 


n 

Ot  =  “d  ^  X  Si 


(22) 


The  METRIC  model  computes  E(B)  for  any  distribution  of 
Q,j,  assets.  Then,  using  marginal  analysis  and  the  E(B) 
values  just  computed,  it  will  provide  the  optimal  distri¬ 
bution  of  the  Q,j,  assets  with  an  objective  of  minimizing: 


Min 


t 

^  =1 


E(B^) 


(23) 


Giver,  m  items  that  cost  C.  dollars  each,  a  LaGrangian 
procedure  is  used  to  optimally  procure  the  m  items  subject 
to  a  constraint  equal  to  the  budget.  Its  objective  is: 
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Min 


E(Bi.) 


(24) 


subject  to: 


n 

x2l 


ij 


Q 


dj 


C.  —  Budget 

J 


(25) 


There  are  problems  and  assumptions  with  this  model 
which  suggest  the  need  for  an  improved  model.  Some  of 
these  are: 

(1)  The  model  works  under  steady-state  conditions. 
That  is,  as  previously  mentioned,  there  is  stationarity 
of  the  variables.  The  basic  METRIC  model  does  not  deal 
with  surges  in  demand. 

(2)  It  does  not  tell  what  the  base  availability  is. 

(3)  There  is  no  consideration  for  cannibalization. 

(4)  Lateral  supply  is  not  considered. 

(5)  Each  item  is  assumed  to  be  equally  essential. 


Air  Force  Implementation  of  METRIC 

Recently,  the  Air  Force  Logistics  Command  (AFLC)  im¬ 
plemented  a  procedure  which  utilizes  marginal  analysis  to 
determine  stockage  levels  for  repair  cycle  assets.  The 
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intent  of  this  procedure  was  to  reduce  base  level  back¬ 
orders  with  no  increase  in  stockage  cost,  reduce  stockage 
co^-P^ithout  increasing  base  level  backorders,  or  both. 
Simplifications  necessary  to  implement  the  procurement 
procedure  were  that  all  users  have  the  same  demand  rates, 
the  same  order  and  ship  time,  the  same  base  repair  cycle, 
and  the  same  depot  repair  percent. 

The  basic  algorithm  for  the  marginal  analysis  is  the 
same  as  described  in  METRIC.  There  are  two  phases  to  this 
procedure.  Phase  I  determines  the  total  stockage  levels 
required  and  Phase  II  determines  where  these  items  should 
be  stocked. 

The  probability  of  a  backorder  is  the  probability  that 
demands  during  any  time  period  will  exceed  the  stockage 
levels  plus  due-ins  minus  due-outs.  The  cost  of  reducing 
backorders  can  be  found  by  adding  one  more  unit  to  the 
existing  stockage  level  then  dividing  by  the  cost  of  that 
item  (6:l6) . 

AFLC  has  in  fact  implemented  Phase  I  of  this  procedure. 
Phase  II,  the  distribution  algorithm,  has  not  been  im¬ 
plemented  (12). 

Related  Studies 

The  Air  Force  utilizes  the  conventional  and  BffETRIC 
models  for  requirements  determination.  There  is  a  wealth 
of  related  research  on  the  subject  of  inventory  require- 
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merits.  The  studies  and  models  most  pertinent  to  this 
thesis  are:  MOD -METRIC 5  DYNA-METRICj  METRIC-LMI;  and  two 
heuristic  models,  one  of  which  was  developed  by  Dawson  and 
another  by  Demmy.  As  previously  stated,  the  conventional 
model  does  not  optimize  any  performance  measurement, 

METRIC  minimizes  expected  backorders.  The  features  of  al¬ 
ternative  models  will  be  discussed  in  this  section. 

MOD-METRIC 

This  model  considers  that  there  may  be  indenture  items 
for  repair  of  other  reparables.  In  other  words,  a  repar¬ 
able  asset  may  be  a  subassembly  of  another  reparable  asset. 
An  assumption  of  the  model  is  that  there  will  only  be  two 
echelons.  It  recognizes  the  relationships  between  sui  as¬ 
sembly  and  its  subassemblies  smd  has  as  an  objective  the 
minimization  of  expected  backorders,  for  the  end  item  sub¬ 
ject  to  a  budgetary  constraint.  MOD-METRIC  does  not  assume 
that  each  item  is  equally  essential.  A  difference  from 
METRIC  also  exists  in  how  MOD-METRIC  states  the  resupply 
time  of  any  given  item  from  the  depot.  For  this  model, 
average  resupply  time  is  T^  and  is  stated  as  (11:472): 

Ti  =  r. (R.  +  A^)  +  (1  -  r^)(A^  +  5(S^)D)  (26) 

where  =  the  probability  a  failure  isolated  to  a  given 
module  will  be  repaired  at  base  level. 


=  average  repair  time  at  the  base  if  modules  are 
available , 

=  expected  delay  in  base  repair  time  due  to  a 
backorder  on  the  required  module , 

=  average  order  and  ship  time, 

=  stock  level  at  the  depot, 

D  =  average  depot  repair  time 

5  =  depot  delay  time  divided  by  depot  repair  time . 

DYNA-METRIC 

Unlike  the  conventional  model  and  METRIC,  DYNA-METRIC 
takes  into  consideration  that  the  system  may  not  be  at  a 
steady  state.  The  problems  faced  are  the  same:  the  deter¬ 
mination  of  how  much  spare  stock  to  maintain  and  what  level 
of  performance  can  be  achieved  given  a  specified  investment 
level  (7:2), 

This  model  addresses  the  feasibility  of  cannibaliza¬ 
tion  to  meet  the  parts  requirement.  It  also  can  provide  an 
indication  of  how  severe  a  backorder  can  be.  This  is  based 
on  the  number  of  aircraft  and  the  number  of  sorties  flown. 

To  provide  for  a  non-steady  state,  the  demand  must  be 
non-steady.  The  demand  process  is  called  a  non-homogeneous 
Poisson  process  with  an  intensity  function  m(t),  t  2:  0  if: 

(1)  The  number  of  demands  existing  at  time  t=0  is 
zero, 

(2)  The  number  of  demands  in  disjoint  time  increments 
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are  independent  of  each  other. 

(3)  The  probability  of  more  than  one  demand  in  an 
increment  becomes  infinitely  small  as  the  incre¬ 
ment  becomes  small. 

(4)  The  probability  of  one  demand  in  any  increment 

is  given  by  the  intensity  function  m(t)  times  the 
length  of  the  increment  as  the  increment  gets 
small  (7:5-6). 

The  expected  number  of  systems  not  operational  at  a 
given  time  t  with  the  assumption  that  only  one  component 
is  on  the  system  can  be  expressed  as: 

EB.  (t) 

EN(t)  =  NA(t)  1  -  l._l  (1  -  )  (27) 


where  NA(t)  is  the  number  of  major  systems  supported  at 
time  t  (7:18) . 

If  there  is  more  than  one  unit  on  the  system,  then 
EN(t)  becomes: 


EN(t)  =  NA(t) 


(28) 


where  is  the  quantity  of  item  i  per  system  and  where 
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represents  the  probability  of  item  i  having  y 
shortages  at  any  time  t. 


;.(t) 

K=0  K! 


PB^{y)  =‘ 


-X:|(t)  NS.(t)+y 

i  ^  A.^  (t) 

(S^{t)  +  y)! 


for  y  =  0 


(29) 

for  y  »■  0 

(7!l9) 


The  expected  number  of  systems  not  operational  at  any  given 
point  in  time  considering  full  cannibalization  can  now  be 
expressed  as: 


(30) 

where  P(j)  is  the  probability  that  the  number  of  non-opera- 
tional  systems  is  less  than  or  equal  to  j  (7:20). 

Any  model  has  different  aspects  of  potential  areas  of 
improvement.  Some  drawbacks  of  this  model  are:  (1)  the 
different  service  processes  must  be  taken  into  considera¬ 
tion  for  the  set  of  state  equations  since  the  Poisson 
properties  are  lost;  and  (2)  the  states  of  all  components 


NA(t)-l 


EN^(t)  = 


1  -  P(3) 
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sharing  the  same  set  of  servers  must  be  considered  at  one 
time  ( 7  s  3^) • 


METRIC-LMI 

The  Logistics  Management  Institute  designed  a  program 
to  be  used  in  conjunction  with  the  METRIC  requirements 
determination  system.  The  prograim  can  be  used  to  compute 
expected  backorder  reductions  for  each  additional  spare 
unit.  The  METRIC-LMI  model  makes  several  assumptions. 
First,  an  aircraft  will  be  NORS  if  it  is  missing  one  or 
more  critical  (NORS-causing)  recoverable  assets.  Second, 
an  aircraft  cannot  be  NORS  unless  it  is  missing  at  least 
one  of  the  above  mentioned  assets,  and  no  spare  is  avail¬ 
able.  Third,  failure  of  a  critical  item  is  independent 
of  the  failure  of  other  components  and  is  independent  of 
the  NORS/NOT  NORS  condition  of  the  aircraft  that  it  is 
installed  on.  Fourth,  when  there  is  more  than  one  unit  of 
an  asset  on  any  one  aircraft,  the  failure  of  the  assets 
are  mutually  independent  (9:12).  The  major  assumption  in 
the  model  is  that  there  is  no  cannibalization.  All  calcu¬ 
lations  were  based  on  large  fleets  (such  as  800  B-52's). 

Dawson's  Study 

In  1977 1  Captain  David  Dawson  explored  the  problems  of 
supply  requirements  computation  and  its  relationship  to 
aircraft  availability.  The  performance  criterion  used  for 
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availability  was  NORS. 

Using  data  from  eight  months  of  accumulated  NORS  data 
for  the  A-7D  aircraft,  Dawson  developed  a  heuristic  method 
for  approaching  the  problem  of  availability.  Rather  than 
developing  an  over-all  requirements  computation  system, 
the  Dawson  method  selects  candidate  items  for  availability 
improvement.  In  the  case  of  the  A-7D,  for  example,  only 
those  items  which  historically  had  caused  a  NORS  would  be 
considered  for  improved  requirements  computation. 

Recognizing  that  historical  data  might  not  be  avail¬ 
able  or  entirely  accurate  in  every  case,  he  developed  a 
method  for  determining  expected  NORS,  Then  a  method  for 
determining  the  benefit  for  adding  each  additional  item 
was  developed.  With  a  formula  for  expected  NORS  and  for 
benefit,  Dawson  could  evaluate  hypothetical  item  invest¬ 
ments  by  selecting  first  the  item  with  the  highest  benefit 
per  dollars  spent. 

Following  this ,  he  gave  a  rather  involved  explanation 
of  the  relationship  between  "aircraft"  NORS  and  "supply" 
NORS.  Any  item  on  an  aircraft  which,  if  broken,  would 
cause  the  aircraft  to  be  grounded  was  referred  to  as  a 
"supply"  NORS.  It  is  entirely  possible  that  several  items 
may  fail  during  the  same  time  period.  Thus,  there  may  be 
several  "supply"  NORS  items  for  every  NORS  aircraft. 

Dawson  concluded  that ,  on  the  average ,  there  are  two  sup¬ 
ply  NORS  for  every  aircraft  NORS. 
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He  expressed  the  benefit/cost  ratio  as  follows  (4:58): 


B/C 
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where  B/C.,.. 

xX  J 


0.5 


R 


ilj 


W 


A 


benefit  to  cost  ratio  for  stocking  the 
1^^  unit  of  item  i  at  base  j , 
ratio  of  NORS  items  to  NORS  aircraft, 
NORS  reduction  by  stocking  the  1  unit 
of  item  i  at  base  j , 

the  worth  of  having  an  additional  air¬ 
craft  of  type  A  for  one  year, 
unit  price  of  item  i. 


Dawson  points  out  that  need  not  be  actual  values 
of  worth  but  only  relative  values.  If  represents  only 
one  aircraft  type,  then  a  constant  of  one  may  be  used. 

His  idea  of  examining  the  decrease  in  expected  NORS 
per  dollar  value  invested  is  basically  sound.  However, 
it  is  not  clear  that  his  benefit/cost  ratio  model  as  de¬ 
veloped,  accurately  describes  the  situation.  The  figures 
presented  do  not  seem  to  support  the  0.5  ratio  of  NORS 
items  to  NORS  aircraft. 

The  Dawson  approach,  as  previously  stated,  is  a 
heuristic  method.  Only  those  items  previously  NORS  are 
ever  considered  for  improvement.  If  a  system  needs 
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frequent  adjustments,  as  implied  by  Dawson's  study,  perhaps 
it  needs  replacement  rather  than  patching. 

Demmy's  Study 

In  a  study  very  closely  related  to  Dawson's,  Steven 
Demmy  also  explored  NORS  as  related  to  supply  availability. 
Drawing  from  Dawson's  study,  METRIC  and  the  METRIC -LMI 
model,  he  arrive^  at  essentially  the  same  conclusions  as 
Dawson  did.  Demmy  noted  that  a  major  cause  of  NORS  was  the 
fact  that  Base  Supply  did  not  stock  the  needed  item  (5:2) . 
His  method  of  investing  in  additional  stocks  to  prevent 
NORS  is  very  similar  to  Dawson's.  In  developing  a  benefit/ 
coat  ratio  model,  he  used  actual  aircraft  cost  in  lieu  of 
Dawson’s  figure  {5«15)*  This  produces  a  dramatically 
higher  benefit/cost  ratio  than  Dawson's  figures.  Demmy 
concluded  by  suggesting  that  perhaps  the  Air  Force  should 
completely  revise  its  policy  for  requirements  computation 
(5:17). 

Summary 

Having  examined  the  conventional  model,  a  budget  was 
developed.  Comparing  the  conventional  and  METRIC  models 
on  the  basis  of  Expected  NORS  in  the  perspective  of  a 
gi’-3n  budget  led  to  an  examination  of  alternative  models. 

Each  of  the  alternative  models  moves  to  various  means 
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and  measures  of  improving  the  system  availability.  With 
this  as  a  background  and  with  the  goal  of  improving  avail¬ 
ability,  the  methodology  can  now  be  developed. 
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CHAPTER  III 


METHODOLOGY 


Overview 

The  data  collection  itself,  variables  which  make  up 
the  data,  and  problems  associated  with  the  data  collection 
will  be  discussed.  Following  this,  a  heuristic  algorithm 
will  be  developed  which  attempts  to  maximize  availability. 
Availability  is  defined  as  the  number  of  units  of  a  weapon 
system  at  any  given  base  that  are  capable  of  performing 
their  designated  missions.  A  comparison  of  the  convention¬ 
al,  METRIC,  and  heuristic  availability  models  is  then  pre¬ 
sented.  Upon  completion  of  the  availability  algorithms,  a 
brief  synopsis  of  the  research  procedure  will  be  provided. 
Finally,  the  models  will  be  tested  and  validated. 

Data  Base 

In  order  to  utilize  a  simplified  METRIC  algorithm,  the 
data  base  chosen  should  consist  of  a  weapon  system  employed 
at  only  one  base.  The  METRIC  algorithm  is  designed  to  make 
optimal  distribution  of  assets  between  several  bases  and 
the  depot.  The  simplifying  procedure  of  using  only  one 
base  allows  the  assumption  that  all  assets  will  be  stocked 
at  the  base  with  the  depot  performing  only  as  a  repair 
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facility.  The  weapon  system  chosen  that  meets  the  one- 
base  criterion  is  the  Airborne  Command  and  Control  Capsule 
(ABCC)  employed  at  Keesler  AFB,  Mississippi  and  belonging 
to  the  Tactical  Air  Command  (TAC). 

Candidate  Items 

The  data  base  ultimately  chosen  was  obtained  from  the 
maintenance  shop  chief  for  the  ABCC  (3).  He  provided  a 
list  of  65  components  used  in  the  operations  of  the  ABCC. 
Expendable,  equipment,  and  insurance  type  items  were  elimi¬ 
nated  with  the  exception  of  one  item  to  be  discussed  in  the 
testing  and  validation  section.  It  was  critical  to  the  re¬ 
search  that  only  items  of  the  master  stock  number  or  those 
that  could  be  cross-referenced  to  a  master  stock  number  be 
used.  This  requirement  resulted  from  the  fact  that  AFLC 
only  accumulates  data  based  upon  the  master  stock  number 
(2).  Utilizing  the  Master,  Substitute,  and  Interchange- 
ability  Listing  (DO97)  the  remaining  stock  numbers  were 
screened  and  factored  out  leaving  32  items  which  could  be 
used  in  the  models.  See  Table  1  for  a  list  of  the  items 
and  associated  usage  parameters.  The  object  of  the  search 
for  data  was  to  find  end  item  assets  which  contained  no 
other  reparable  assets  utilized  in  its  repair.  Only  one 
item  in  the  data  base  is  used  to  repair  amother.  We  have 
chosen  to  ignore  the  fact  that  demand  for  this  one  item 


38 


QPA 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

COST 

OOOOOOOOOOOOOOOOOOOOOOCMOOOOOOOOO 

OC^OOOOMDOOOOOOOOCMoOOOOOO^OCvJOOOOOOO 

^  ^  ^  ^  O  '^<3  OCVC^CVi  OsDJ-CMvooO'^CM-d-'J^CMtVT-lOsoJ-vO'^OO^crN 
C^O  00  O^os  O  CTs-ii-  'O  O  ^  O  C\i  0\sO  OO  O  ^  CO  00  CO  C^vO  00  O  00 

XPvjt  ^  CV)  r-t  O' VO  VO  xnuv,Ovcvi  vO  00  VTiOvc^-d- J-  ^  ^  o  ,-1  VP,r^ 

VO  vO^o^T^O  VOO^  5-^  Ov  ovvo  Ov  O  C\J  CVi  0^  O 

cvJt-i  «-<  r^(M»'4Cvi  t-i^ 

DRT 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  -  o 

ON  O  00  o  OC^'^OrHC^^\OC^OCONO^^^  OnO  '^nO  CO  CO  C\i 

^  '^NO  <^-=t  ^  00  NO  C^-:t  C^C^C^CO  On  C^\0  nO  nO  nO  nO  ^  \0 

OST 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
^O0-:1-CTVOOOO^VOVO  Cv-vO  vO  <Vi  C\J  J-  ^  O  OVQO  C^-d-  ^  ^  ^  ^  J-  O  Ov^  ^ 

T-4t-lC\2r~I^CNi  Wr-fCV 

RCT 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OVOO  ^  ^  c^-a-  ^  -d-  vr\  vovo  ^  lA  Vfv,  vOvo  vO  ^A  j-  ^  ^  ^  vO  rH  O  vO  VPivO  vO  vO  CVJ  Ov 

tH  fH 

PBR 

CTvOv  Cv  CJVvO  vOw'AoO  (A(A«^  OvOvOvO  OvOO  OvCv-CJ  'ACv-CM7v(7vOvOvOvO  Ov^ 
Ovov  Ov  OvvO  vO  O  OvOO  <AOv  Ov  OvOv^  OvOvOvOvOvOvCv-oO  Ov  Ov  Ov  Ov  Ov  VAvO  Ovo 

DDR 

^4-  Ov^^  O'Cv-OO^  C'-<>OVCO^  eg  ovo  'ACV-VO  <^^Ovav^^',-lOv,-^Ov|^-^',-l 

O  <A  Cv-  fACAvO  vO  00  O  vO  VAvO  UVCv.^(X)sO(njsX5^0sCOoq  qvO  OvO  OOOvOVAO 

O  ..H  .r-l  O  O  Ov^  O  CACVJ  00  O  r-l  CM  OVCAO  MVeg  00000CM000»^0 

OOOCMOOOOOOOOO^O^O^OCMOOOOOOOOOOOO 

NOM 

Matrix 
Circuit  Card 
Control 
Receiver 
Filter 

Control  Pltr 
Control 

Rec  Rad 

Transmitter 

Coupler 

Coupler 

Control 

Transmitter 

Receiver 

Control 

Receiver 

Panel 

Control 

Control 

Receiver 

Rec  Trans 
Matrix 
Intercom 
Matrix  Black 
Cont  Unit 
Control 
Control 
Control  Unit 
Power  Supply 
Recoder 

Air  Cond 

Seat  Acft 

NSN 

VAJd-  rgvo  ^  CAtH  CAOvcX)  C'-tHvOvO  o  Cv-^  OCM^f-tvO^Cv-ODO  VAvO  VACv-OvOv 
O'VAiAOT'fOCOaOOvC^'r-IO  CAVO  OOCOja-OOOvOvO-d'il'^CACACMCMCMCMOvcM 
CMCAO  OVCMCM  OVOVCM  Ov<X3  ^  CACACAOvcAtHCM  OvA-CM  CACMi-t^  Cv-A-tM^CDCA 
OVOV  Cv.  CM  CM  <M  00  00  VO  03  QO  CAOvoO  CD  00  vO  CA^  A-^OOvOOOT-ti-ICACAOOQOOO 
VAVAOO  CAvDvO  O  O  »--l  O  CV.  CA  CM  'AcACA'O  OV^  CD  vACTvvO  CTwOvO  OO  OO  ^  CA  O 
VAVACACJVO  O  CACACTvca^  Cv-CDOO  CACACM  O  OvcACAtH  CM^OOCDOOCACAT.gCA 
'•H'th  OO  00  CMOvvovovovo  ovvo  vQvo  <Jvov^co.d-».gi.HTgTgvgoo.d-.d-t.g»HOVrH 
oooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooo 

'A'AtH  ^  O  >A.,H  ^  ..g  .rH  vAvAVA'A'AVA'A'AVAO  O 

OVC3VCM  CMCMOvCMCMCMCMCMCMCMCMCMCMOCACMCMCMOVOOvCJvCTvCrvCJvCJvCJvCMOO 
CDOOOOOOQOOOOOOOCDCDCDCDCDOOCDOOOOOOOOOOOOOOCDOOOOCDOOCOOOOO'rgvO 
VA'A'A'A'A'A'A'AVVVAVAUV'AVAVA'A'AVA'AVVVAVAcAVA'AVA'A'A'A'Ajl-  ^ 

ITEM 

,H(M  CA.d-  ‘AvO  C^OO  C7VO  «'(  CM  CA.d-  'AvO  Cv-CD  CTv  O  ^  CM  CAJ-  >Avo  C^OO  C3v  O  CM 
.HT^.rg'rgrHT^.rg».<.rg'rgCMCMCMCMCMCMCMCMCMCMCACACA 

39 


SELECTED  ASSETS 
TABLE  I 


is  dependent  upon  demand  for  the  other  and  have  treated 
both  independently. 

Item  Usage  Data 

Before  applying  the  models  to  the  data,  it  is  necessary 
that  the  usage  data  and  its  derivation  be  understood.  The 
following  variables  are  common  to  the  models: 

Daily  Demand  Rate  (DDR):  The  daily  demand  rate  is  a 
forecast  of  expected  usage.  The  time  between  demands  is  a 
reciprocal  of  the  DDR. 

Percent  of  Base  Repair  (PBR):  The  percentage  of  time, 
or  probability  that,  a  failed  item  can  be  repaired  at  base 
level . 

Repair  Cycle  Time  (RCT):  In  general  terms,  it  is  the 
time  required  to  process  an  asset  through  the  base  repair 
facility  and  restore  it  to  a  serviceable  condition. 

Order  and  Ship  Time  (OST) ;  The  time  required  from 
requisition  of  an  asset  from  the  depot  until  it  is  received 
at  the  base.  The  majority  of  this  time  is  in  the  trans¬ 
portation  network.  This  is  also  known  as  lead  time. 

Unit  Cost;  The  base  price  of  an  individual  asset. 

Quantity  Per  Application  (QPA):  The  number  of  assets 
of  any  individual  item  required  for  operation  of  any  in¬ 
dividual  weapon  system. 

Probability  of  Cannibalization:  The  likelihood,  ex¬ 
pressed  as  a  probability,  that  any  individual  item,  if 
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required  on  another  end  item,  can  be  successfully  removed 
and  reinstalled.  This  is  an  important  factor  when  the  ser¬ 
viceable  balance  in  the  supply  system  is  depleted. 

Depot  Repair  Time  (DRT):  The  time  required  for  an 
asset  to  be  repaired  and  placed  back  into  the  depot  supply 
system. 

Retrograde  (RETRO):  The  standard  time-frame  utilized 
by  AFLC  to  have  the  broken  asset  packaged,  labeled,  and 
transported  to  the  depot  repair  facility. 

The  DDR,  unit  cost,  and  PER  were  obtained  from  the 
UNIVAC  I050-II  supply  computer  at  Keesler  AFB.  The  main¬ 
tenance  shop  chief  for  the  ABCC  system  provided  the  prob¬ 
ability  of  cannibalization  (3).  The  QPA,  RCT,  OST,  and 
DRT,  were  obtained  from  the  Data  Collection  System  (D04l) 
from  AFLC  headquarters. 

Data  Collection  Problems 

The  original  strategy  for  obtaining  usable  data  was  to 
utilize  the  Standard  Reporting  Designator  (SRD)  assigned  to 
the  ABCC  as  specified  in  TO  0020-2.  It  soon  becaune  appar¬ 
ent  that  a  problem  existed  with  this  strategy.  The  SRD 
that  some  of  the  ABCC  equipment  was  being  reported  against 
was  in  fact  that  of  the  aircraft  carrying  the  capsule. 

This  conflict  concerning  the  SRD  prohibited  collection  of 
reliable  data.  This  appeared  to  be  a  problem  at  base  level 
in  failure  to  report  data  accurately.  A  second  problem 
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arose  in  trying  to  utilize  the  SRD  through  the  AFLC  report¬ 
ing  system.  The  SRD  for  the  capsule  as  assigned  by  TO 
0020-2  is  AEX.  The  base  was  reporting  data  on  ALB  but 
AFLC  was  collecting  data  on  AEl .  Standard  reporting  desig¬ 
nators  ALB  and  AEl  were  both  for  C-I30  aircraft.  Having 
failed  in  the  SRD  approach,  TAG  headquarters  was  approached 
for  assistance.  The  data  obtained  from  TAG  was  helpful. 
However,  it  only  represented  those  assets  which  had  caused 
a  NORS/NMCS  condition  within  the  past  24  months.  Thus, 
the  data  did  not  necessarily  represent  a  complete  spectrum 
of  reparable  assets  associated  with  the  ABCC.  Finally,  un¬ 
satisfied  with  the  data  collected,  the  decision  was  made 
to  contact  the  maintaining  agency  directly.  Thus,  a  repre¬ 
sentative  listing  of  repair  cycle  assets  was  obtained. 
Inquiries  from  the  base  supply  UNIVAC  IO50-II  were  also  ob¬ 
tained.  Inquiries  into  the  D04l  system  at  AFLC  revealed 
that  nearly  fifty  percent  of  the  master  stock  numbers  had 
no  data  collected.  This  limited  the  number  of  items  which 
could  be  used  since  complete  data  was  unavailable. 

Heuristic  Availability  Algorithms 

Availability,  as  previously  defined,  is  the  number  of 
units  of  a  weapon  system  at  any  given  base  that  are  capable 
of  performing  their  designated  mission.  The  conventional 
and  METRIC  algorithms  have  been  developed  and  are  ready 
for  application  to  the  data.  To  use  the  data  further,  it 
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was  necessary  to  develop  a  heuristic  approach  to  buying 
the  assets.  Therefore,  three  models  were  developed.  Each 
model  considered  expected  NORS  aircraft  with  full  cannibal¬ 
ization.  The  first  model  is  based  on  the  pacing  item.  A 
pacing  item  is  defined  as  that  item  which  has  the  highest 
rate  of  expected  backorders.  The  stockage  algorithm  mini¬ 
mizes  the  maximum  expected  backorders  on  any  item.  The 
pacing  item  algorithm  operates  by  evaluating  the  expected 
backorders  for  each  item  given  zero  stockage  of  the  item. 
The  item  with  the  largest  number  of  expected  backorders  is 
identified  and  chosen  for  stockage.  This  process  is  re¬ 
peated  sequentially!  that  is,  assets  are  bought  one  at  a 
time  where  the  criterion  is  the  asset  with  the  largest 
number  of  expected  backorders,  until  a  budget  constraint  is 
met.  This  algorithm  was  programmed  in  FORTRAN  and  is  in¬ 
cluded  in  Appendix  A  as  SUBROUTINE  PACBUY. 

The  next  model  developed  was  on  the  basis  of  purchas¬ 
ing  the  item  that  created  the  greatest  decrease  in  the  ex¬ 
pected  NORS  aircraft  (ENA) .  This  was  found  by  calculating 
the  fill  rate  for  each  item,  given  zero  stockage,  and  hypo¬ 
thetically  increasing  the  stockage  of  each  item  by  one 
unit  to  evaluate  its  effect  on  fill  rates  and  hence  on 
availability.  A  stockage  of  one  more  unit  of  the  item 
which  had  the  largest  decrease  in  ENA  was  bought,  and  the 
budget  and  stockage  records  were  updated.  This  process 
was  repeated  until  the  budget  was  exhausted.  See  Appendix 
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A  for  this  model  under  SUBROUTINE  NORS. 


The  third  heuristic  procedure  developed  was  similar  to 
the  second  in  that  it  also  considered  the  expected  number 
of  NORS  aircraft  assimiing  full  cannibalization.  In  this 
procedure,  each  incremental  asset  purchased  was  determined 
to  be  the  asset  which  provided  the  greatest  reduction  in 
expected  NORS  aircraft  per  dollar  spent.  This  procedure 
as  coded  in  FORTRAN  is  included  in  Appendix  A  as  SUBROUTINE 
NORCOS. 


Testing.  Validation,  and  Verification 

It  is  necessary  to  insure  that  the  data  and  stockage 
models  provide  output  that  is  valid  and  reliable.  As  a 
first  step  in  insuring  reliability,  the  data  were  screened 
in  an  attempt  to  eliminate  any  bias .  In  every  case  where 
variables  in  the  models  were  reported  to  the  D04l  system 
and  also  maintained  by  the  UNIVAC  I050-II,  and  there  was 
a  difference,  the  D04l  value  was  used.  This  occurred  for 
the  RCT  and  OST.  As  a  further  test  to  determine  the  valid¬ 
ity  and  accuracy  of  the  conventional  model  as  represented 
by  this  research,  the  stockage  levels  computed  in  this 
research  were  compared  to  those  reported  by  the  base.  Of 
the  32  items  used,  only  two  differed.  This  resulted  from 
use  of  data  based  on  the  D04l  system.  Further  validation 
of  the  METRIC  model  revealed  that  there  is  an  error  in  the 
expected  backorder  computation  because  depot  delay  time  is 
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not  independent  of  demands  as  is  assxamed.  METRIC  indicates 
that  assets  should  be  split  between  the  base  and  depot, 
when  in  fact  it  can  be  shown  that  with  only  one  base  user 
it  is  optimal  to  place  all  assets  at  the  base.  This  cor¬ 
rection  was  made  in  a  computer  simulation  of  the  METRIC  pro¬ 
cess  in  which  the  item  with  the  highest  DDR  was  used.  This 
simulation  was  made  using  A.  Alan  B.  Pritsker's  system 
known  as  QGERT.  This  simulation  places  four  assets  at  the 
base  and  none  at  the  depot.  It  provided  an  expected  back¬ 
order  of  .0215  with  a  standard  deviation  of  .0032.  The 
conventional  model  which  also  places  four  assets  at  the 
base  and  none  at  the  depot  provides  an  expected  backorder 
rate  of  .02025.  As  previously  mentioned,  items  which  are 
used  at  only  one  base  should  not  be  stocked  anywhere  other 
than  at  that  base.  Therefore,  the  corrected  simulation  of 
METRIC  would  provide  a  lower  backorder  figure  than  the  ori¬ 
ginal  METRIC  algorithm  would.  Since  the  conventional  model 
can  provide  a  lower  backorder  figure  than  the  corrected 
METRIC  simulation,  then  splitting  the  allocation  between 
the  base  and  the  depot  as  suggested  by  the  original  METRIC , 
is  shown  not  to  provide  a  lower  figure  than  the  convention¬ 
al  . 


Outline  of  Research  Procedure; 

With  the  item  usage  data  and  the  conventional  model, 
a  monetary  figure  was  found  which  represents  the  total 
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cost  of  all  assets  which  would  be  stocked  using  this  model. 
This  dollar  value  was  termed  the  "budget"  which  became  the 
monetary  constraint  for  evaluation  of  all  models.  Deter¬ 
mination  of  the  budget  was  followed  by  computation  of  sys¬ 
tem  backorders.  System  backorders  represents  the  total 
niimber  of  times  that  demands  exceed  assets.  Once  system 
backorders  were  derived,  three  expected  NORS  aircraft  (ENA) 
values  were  computed.  One  was  based  on  full  cannibaliza¬ 
tion.  Another  was  an  approximate  ENA  based  on  no  cannibal¬ 
ization,  and  the  last  was  an  exact  ENA  with  no  cannibali¬ 
zation.  The  ENA  values  are  used  as  a  measure  of  availa¬ 
bility. 

Using  the  budget  established  in  the  conventional  model 
and  the  item  usage  data,  the  METRIC  model  was  evaluated. 
Again,  a  system  backorder  figure  and  three  ENA  values  were 
obtained.  This  same  procedure  was  followed  for  each  of 
the  heuristic  models  using  the  same  inputs.  This  provided 
a  comparison  of  aJ.1  models  based  upon  the  same  constraints. 

As  a  final  step  in  the  research,  the  METRIC  algorithm 
and  the  best  heuristic  model  (NORCOS)  were  compared.  The 
comparison  was  based  upon  ENA  and  employed  a  sensitivity 
analysis.  The  sensitivity  analysis  consisted  of  evalua¬ 
ting  system  availability  where  the  budget  constraint  was 
varied  from  a  budget  of  zero  to  a  budget  of  150^  of  the 
conventional  budget.  T'  research  procedure  is  diagrammed 
in  Figure  2 . 
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CHAPTER  lY 


RESULTS 


Introduction 

The  purpose  of  this  chapter  is  the  presentation  of 
the  restilts.  Both  graphic  and  tabular  results  will  be 
presented  and  explained. 

System  Performance  With  Conventional  Budget  Constraint 

Table  2  shows  the  results  of  each  stockage  algorithm 
when  using  the  total  inventory  investment  determined  by 
the  conventional  model  as  a  budgetary  constraint.  The 
baseline  column  shows  the  results  that  management  could 
expect  from  the  system  if  no  assets  were  maintained  in 
inventory.  An  asset  that  failed  would  create  an  NMCS  con¬ 
dition  which  could  only  be  satisfied  by  repair  of  the  as¬ 
set  and  re-installation  upon  the  aircraft. 

The  value  representing  total  inventory  investment  in 
dollars  varies  due  to  the  process  by  which  each  algorithm 
determines  the  next  asset  to  be  purchased.  Each  algorithm 
is  performing  under  a  monetary  constraint  equal  to  the 
conventional  model.  Assets  are  purchased  one  at  a  time 
until  the  point  is  reached  where  the  purchase  of  one  more 
asset  woiJ.d  exceed  the  constraint. 
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System  availability  represents  a  percentage  of  the 
total  number  of  aircraft  which  would  be  available  at  any 
time.  This  percentage  is  determined  by  taking  the  total 
number  of  aircraft  and  subtracting  the  number  of  expected 
NORS  aircraft.  This  value  is  then  divided  by  the  total 
number  of  aircraft  and  multiplied  by  100  to  obtain  a  per¬ 
centage  . 

Analysis 

The  conventional  dollar  value  shown  in  Table  2  repre¬ 
sents  the  total  dollar  value  of  all  assets  stocked.  The 
table  further  shows  that  when  no  cannibalization  is  con¬ 
sidered,  the  availability  is  always  worse  than  when  can¬ 
nibalization  is  considered.  This  is  even  more  pronounced 
when  the  baseline  values  are  compared.  The  approximate 
availability  is  always  worse  than  the  exact.  Thus,  when 
no  cannibalization  is  to  be  considered  as  an  alternative, 
the  results  of  the  exact  procedure  should  be  considered. 

The  total  expected  system  backorders  are  minimized  by  the 
METRIC  algorithm. 

As  shown  in  Table  2 ,  when  given  a  budget  equal  to  that 
of  the  conventional  model,  the  Pacing  item  is  worse  than 
either  the  METRIC  or  conventional  algorithms  whether  full 
cannibalization  or  no  cannibalization  is  considered.  Under 
the  same  conditions,  the  NORS  Improvement  algorithm  is  bet¬ 
ter  than  the  conventional  but  worse  than  METRIC.  When  the 
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budgetary  constraint  equals  the  conventional  budget,  the 
Cost  Effective  NORS  algorithm  provides  a  slightly  better 
availability  than  does  METRIC  with  full  cannibalization. 

The  values  in  the  table  appear  the  same  due  to  rounding. 

Table  3  displays  the  various  stockage  positions  of  the 
conventional,  METRIC,  and  Cost  Effective  NORS  algorithms. 
The  conventional  values  are  based  upon  standard  formulas 
from  AFM  67-I  and  provide  only  a  target  service  level  of 
support.  The  METRIC  procedure  considers  the  cost  of  each 
item  and  its  effect  on  system  backorders.  The  Cost  Effect¬ 
ive  NORS  algorithm  considers  the  cost  of  each  item,  its 
quantity  per  application,  and  its  effect  on  system  avail¬ 
ability. 

System  Performance  With  Budgetary  Constraint  of  the 

Conventional  Budget 

Table  4  displays  the  system  performance  based  upon  a 
budgetary  constraint  of  150fo  of  that  of  the  conventional 
budget.  The  total  inventory  investment  in  dollars  varies 
due  to  the  criteria  for  purchase  of  each  asset  by  the  al¬ 
gorithms.  System  availability  is  determined  in  the  same 
way  as  in  Table  2 . 

Analysis 

The  total  expected  system  backorders  is  minimized  by 
the  METRIC  algorithm.  When  no  cannibalization  is  consider- 
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TABLE  3 


COMPARISON  OF  STOCKAGE  POSTURES 
WITH  THE  CONVENTIONAL  BUDGET  CONSTRAINT 


National 
Stock  Number 

Unit 

Cost 

QPA 

Conven¬ 

tional 

METRIC 

Cost  Effec¬ 
tive  NORS 

5895001559275 

26574.00 

1 

0 

0 

0 

5895001559354 

401 . 70 

39 

1 

2 

2 

5821008387051 

484.80 

2 

1 

1 

1 

5821008932906 

13231.00 

2 

3 

2 

2 

5820009062214 

4190.00 

1 

1 

2 

2 

5895009062203 

705.60 

1 

1 

2 

2 

5821006308981 

6696.00 

2 

1 

2 

1 

5821006308983 

5640.00 

2 

2 

2 

2 

5821006916299 

3557.00 

2 

1 

2 

2 

5821006308978 

1507.00 

2 

1 

2 

2 

5821009178817 

10952.00 

4 

1 

1 

1 

5821006733101 

200.00 

1 

1 

3 

3 

5821006829336 

2626.00 

1 

2 

2 

5821006858366 

1594.00 

1 

2 

3 

5821009338380 

762.20 

1 

2 

3 

5821009338987 

6386.00 

1 

3 

4 

5895001266344 

3708.00 

1 

2 

3 

5831008093I80 

575.00 

■a 

2 

4 

5821004944292 

1332.00 

0 

1 

5821001387991 

3434.00 

4 

4 

5821001351701 

9865.00 

HI 

1 

1 

5895001198246 

33512.00 

HI 

1 

0 

0 

5895001266341 

9987.00 

HI 

0 

1 

1 

589500119824? 

26331.00 

HI 

0 

0 

0 

5895000861138 

19439.20 

HI 

1 

0 

0 

5895000861130 

20480.00 

HI 

0 

0 

0 

5895004083725 

2174.00 

11 

1 

1 

1 

5895004083726 

3136.00 

0 

0 

0 

5895001310125 

3065.00 

2 

2 

2 

5895001310127 

12188.00 

0 

1 

1 

4120009138899 

3504.00 

1 

1 

1 

1680001308329 

10383.00 

1 

1  N 

0 

0 

0 

Total  Assets  Purchased 

38 

51 

51 

L 


TABLE  4 


ed,  the  availability  is  always  worse  than  with  cannibaliza¬ 
tion.  With  the  higher  budgetary  constraint  and  full  can¬ 
nibalization,  the  METRIC  algorithm  now  provides  a  slightly 
better  availability  than  the  Cost  Effective  NORS  algorithm. 

Sensitivity  Analysis 

In  order  to  explore  the  behavior  of  the  METRIC  and  Cost 
Effective  NORS  algorithms  across  the  range  of  total  inven¬ 
tory  investment  constraints,  the  expected  nimiber  of  NORS 
aircraft  was  estimated  as  each  algorithm  added  assets  to 
its  cumulative  inventory  posture. 

Figure  3  shows  the  expected  NORS  aircraft  for  the 
METRIC  and  Cost  Effective  NORS  algorithms  when  full  canni¬ 
balization  is  assumed.  The  curves  are  plotted  based  upon 
the  expected  NORS  aircraft  after  the  purchase  of  each  as¬ 
set.  The  expected  NORS  aircraft  provided  by  the  conven¬ 
tional  algorithm  is  worse  than  with  either  METRIC  or  Cost 
Effective  NORS. 

Figure  4  shows  the  expected  NORS  aircraft  for  the 
METRIC  and  Cost  Effective  NORS  algorithms  with  no  consid¬ 
eration  for  cannibalization.  The  curves  in  this  graph  are 
plotted  for  each  incremental  purchase  of  $50,000  in  assets. 
The  METRIC  algorithm  performs  better  until  approximately 
$170,000  has  been  spent.  At  this  point,  the  Cost  Effective 
NORS  provides  a  lower  expected  NORS  aircraft.  Finally,  at 
approximately  $260,000,  the  difference  in  expected  NORS 
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Sensitivity  Analysis: 
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Figure  3*  Sensitivity  Analysis 


System  Availability  Assuming  No  Cannibalization 
Provided  by  the  IVEETRIC  and  Cost  Effective  NORS 
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Total  Inventory  Investment  In  4^1000 
Figure  4.  System  Availability 


aircraft  becomes  insignificant. 


Research  Questions 

Research  question  one  was  concerned  with  the  level  of 
availability  that  the  conventional  model  could  provide. 
Assuming  full  cannibalization,  90.3^  of  the  fleet  would 
be  available  at  any  given  time.  This  is  shovm  in  Table  2. 
Table  2  also  shows  that  if  the  decision  is  not  to  cannibal¬ 
ize,  the  best  availability  to  be  expected  would  be  8^.0fo. 
These  figures  provide  a  base  line  against  which  the  other 
models  can  be  compared. 

Research  question  two  concerned  the  level  of  availa¬ 
bility  that  the  METRIC  algorithm  could  provide.  Table  2 
shows  that  when  the  METRIC  algorithm  uses  the  conventional 
budgetary  constraint  an  availability  of  92.6%  of  the  fleet 
could  be  expected  at  any  given  time.  This  is  assuming 
full  cannibalization.  When  the  decision  is  made  not  to 
cannibalize,  the  best  availability  would  only  be  89.8%. 

Research  question  three  concerned  whether  any  of  the 
heuristic  algorithms  could  provide  a  greater  availability 
than  the  METRIC  suid  conventional  algorithms.  Table  2 
shows  that  when  given  a  budgetary  constraint  equal  to  the 
conventional  budget,  the  Pacing  Item  algorithm  is  the  only 
one  which  does  not  perform  better  than  the  conventional 
algorithm.  The  Cost  Effective  NORS  algorithm  performs 
slightly  better  than  METRIC  although  the  percentages  are 
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rounded  to  the  same  value.  Both  the  Pacing  Item  and  NORS 
Improvement  algorithms  are  inferior  to  METRIC.  Sensitivity 
analysis  further  indicates  that  at  relatively  high  levels 
of  investment  (compared  to  the  conventional  investment) 
the  system  availabilities  provided  by  the  WETRIC  and  Cost 
Effective  NORS  algorithms  are  essentially  the  same.  At 
relatively  low  levels  of  investment,  the  Cost  Effective 
NORS  algorithm  out-performs  METRIC  with  respect  to  availa¬ 
bility  considering  full  cannibalization.  METRIC  out-per¬ 
forms  the  Cost  Effective  NORS  procedure  with  respect  to 
availability  considering  no  cannibalization. 
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CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 
Summary  of  the  Research 

The  major  emphasis  in  this  research  has  been  the  exam¬ 
ination  of  weapon  system  availability  provided  by  Air  Force 
logistics.  Realizing  that  both  now  and  in  the  future, 
money  will  be  a  limiting  factor  to  the  performance  of  the 
supply  system,  it  was  not  known  what  level  of  availability 
the  current  algorithm,  that  of  METRIC,  or  any  of  the  heu¬ 
ristic  algorithms  could  provide. 

As  an  outgrowth  of  this  lack  of  knowledge  concerning 
availability,  three  research  questions  were  formulated. 
Question  one  involved  the  level  of  availability  that  the 
conventional  algorithm  could  provide.  Question  two  in¬ 
volved  the  level  of  availability  that  the  METRIC  algorithm 
could  provide.  Question  three  was  concerned  with  whether 
any  of  the  heuristic  algorithms  could  provide  a  higher 
level  of  availability  than  METRIC  or  the  conventional  al¬ 
gorithms  . 

The  methodology  used  to  complete  the  research  involved 
finding  the  total  dollar  value  of  inventory  stocked  under 
the  conventional  model.  This  total  dollar  value  was  then 
used  as  the  budgetary  constraint  for  all  of  the  other 
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algorithms.  Expressions  for  system  backorders  and  expected 
NORS  aircraft  were  developed  to  be  used  as  performance  mea¬ 
surements  of  each  model. 

To  simplify  the  comparison  of  the  models,  a  system 
which  existed  in  an  environment  of  one  base  and  one  depot 
was  utilized.  The  system  which  met  this  requirement  was 
the  ABCC  capsule. 

The  results  of  the  research  are  that,  for  the  weapon 
system  \inder  investigation,  the  conventional  algorithm  can 
provide  an  expected  availability  of  90.3^*  The  METRIC  pro¬ 
vides  for  92.6?S  availability  and  the  best  heuristic  algo¬ 
rithm  also  provides  for  92.6^. 

Conclusions  of  the  Research  Effort 

It  should  be  noted  that  although  the  conclusions 
reached  are  strongly  supported  by  the  data,  the  sample  size 
of  the  data  base  is  small.  Larger  sample  sizes  may  lead 
to  different  conclusions. 

The  METRIC  algorithm  out-performs  the  conventional 
model  in  terms  of  expected  backorders.  Table  2  shows  that 
expected  backorders  under  the  conventional  are  1.3259, 
while  under  METRIC  they  are  .880294.  METRIC  also  provides 
for  moderate  improvement  in  system  availability  whether 
cannibalization  is  considered  or  not.  Referring  again  to 
Table  2  and  assuming  full  cannibalization,  we  see  that  the 
conventional  algorithm  provides  for  90.3%  availability 
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while  METRIC  provides  for  92.6^.  When  assuming  no  cannibal¬ 
ization,  the  values  are  85.0^  and  89.8^  respectively. 

The  conventional  algorithm  is  non- optimizing.  On  the 
other  hand,  METRIC  is  designed  to  minimize  expected  back¬ 
orders.  When  trying  to  maximize  availability,  the  heuris¬ 
tic  procedure  of  Cost  Effective  NORS  can  provide  for  a 
greater  availability  than  METRIC.  However,  significant 
differences  between  the  two  can  only  be  found  when  utili¬ 
zing  an  extremely  low  budgetary  constraint.  Table  2  shows 
that  the  availability  is  nearly  the  same  for  each  but  total 
system  backorders  are  higher  under  the  Cost  Effective  NORS 
algorithm. 

The  Pacing  Item  model  could  not  perform  as  well  as  the 
conventional  model  in  any  performeunce  measure.  This  result 
is  counter-intuitive.  It  would  seem  reasonable  that  any 
algorithm  which  strives  to  purchase  assets  based  upon  the 
item  creating  the  most  backorders  would  provide  greater 
system  availability  than  a  model  which  only  provides  a  tar¬ 
get  service  level.  This  is  not  the  case;  the  conventional 
algorithm  provides  greater  system  availability  than  the 
Pacing  Item  algorithm. 

Managerial  Implications 

The  results  and  conclusions  reached  thus  far  should 
be  satisfying  to  USAF  management.  Management  recognized 
that  a  non- optimizing  algorithm,  such  as  the  conventional. 
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could  probably  be  improved  upon.  Therefore,  after  consid¬ 
erable  research  and  testing,  Phase  I  of  the  METRIC  algo¬ 
rithm  was  implemented.  The  conclusions  reached  in  this 
research  support  the  opinion  that  METRIC  by  minimizing  ex¬ 
pected  backorders,  can  provide  greater  weapon  system  avail¬ 
ability  than  that  which  is  provided  by  the  conventional 
model . 

Cannibalization  is  a  management  decision.  System 
availability  is  always  greater  when  management  exercises 
the  option  to  cannibalize.  Thus,  the  maintenance  canni¬ 
balization  policy  is  a  key  factor  in  the  support  provided 
for  mission  accomplishment. 

Significant  Methodological  Issues 

Several  problems  were  encountered  in  the  data  collec¬ 
tion  phase  of  the  research.  One  problem  was  a  certain 
amount  of  ambiguity  concerning  the  standard  reporting  de¬ 
signator.  This  ambiguity  prevented  retrieval  of  the  data 
based  solely  upon  the  standard  reporting  designator. 

Another  problem  was  encountered  with  the  data  collection 
system  of  AFLC.  AFLC  stores  data  based  upon  the  master 
stock  number.  However,  many  of  the  stock  numbers  obtained 
as  masters  had  no  data  available. 

When  evaluating  a  weapon  system  for  availability  in 
an  environment  assianing  no  cannibalization,  the  size  of 
the  fleet  amd  the  levels  of  stockage  become  very  important. 
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The  approximate  measure  of  availability  developed  by  the 
Logistics  Management  Institute  was  designed  for  systems 
having  a  large  fleet  and  high  asset  stockage.  As  the  size 
of  the  fleet  and  stockage  of  assets  decreases,  the  accuracy 
of  the  LMI  method  is  diminished.  When  the  fleet  is  small 
and  assets  are  limited,  the  exact  method  of  availability 
is  more  appropriate. 

Suggested  Areas  of  -Further  Research 

The  research  performed  here  encountered  certain  pro¬ 
blems.  Some  problems  were  diminished  through  simplifica¬ 
tion  of  the  approach  while  others  required  a  great  deal  of 
effort  to  overcome.  One  simplification  was  finding  a 
single  base,  single  depot  system.  An  area  of  further  re¬ 
search  would  be  to  perform  the  same  kind  of  marginal  anal¬ 
ysis  with  multi-base  users. 

An  algorithm  called  MOD-METRIC  (11)  is  designed  to 
minimize  expected  backorders  for  indentured  items .  Re¬ 
search  should  be  performed  which  will  evaluate  this  model 
in  terras  of  availability. 

Each  of  the  items  used  as  data  for  this  research  had 
100%  feasibility  of  cannibalization.  Further  research 
should  consider  the  impact  of  stockage  levels  when  the 
feasibility  of  cannibalization  varies  from  zero  to  100% 
for  each  item. 

One  of  the  problems  encountered  with  the  data  collec- 
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tion  was  a  lack  of  information  from  AFLC's  data  collection 
bank.  Some  master  stock  niimbers  had  no  information  avail¬ 
able.  An  area  of  further  research  would  be  to  evaluate 
the  management  information  system  between  the  bases  and 
AFLC. 

Final  Comments 

The  significance  of  performing  this  research  and  of 
the  conclusions  reached  lies  with  the  ever-changing  en¬ 
vironment  of  DOD  weapon  systems  and  the  tightening  of 
budgetary  constraints.  Management  must  ensure  that  every 
dollar  spent  achieves  maximum  mission  accomplishment. 

With  new  weapon  systems  evolving  and  new  methods  for  re¬ 
quirements  determination  and  distribution  of  assets  being 
developed,  it  is  imperative  that  management  be  informed  of 
system  performance.  Availability  will  remain  the  most 
appropriate  performance  measure  for  the  inventory  system. 
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APPENDIX  A 

fortran  subroutines 
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